The SOLEIL project is built around a 2.15 GeV positron storage ring with its own injector, i.e. a linear accelerator and a booster. The scientific community have required a large number of insertion devices optimized in the soft X-ray range and the ultra-violet, several operation modes offering a high brilliance or a usable time structure with a maximum beam lifetime. The choice of the machine energy, of positrons circulating as particles, of the magnetic lattice, and the type of radio-frequency, etc. will be discussed through a more detailed presentation of the machine. Comments will be made about the tolerances required for the beam and the implications for the building stability.
INTRODUCTION
The main features for new synchrotron radiation light sources based on storage ring are the number of insertion devices, the brilliance, the lifetime, the stability of the photon beams and the flexibility of the optics for the different modes of operation.
It is difficult to define a universal criterion for all kind of sources and all users [l] . In this paper, the different possible goals are discussed and two alternative configurations of the storage ring are presented assuming the same global cost.
STORAGE RING LATTICE
For a medium energy range machine, the main limitation of the lifetime is the Touschek effect, especially for operation with few intense bunches. The reduction of the energy acceptance (APIP) due to the undulator non linear fields, further increases this effect. In order to keep an acceptable lifetime, the particle density should not be too high and consequently the emittance too low.
In other respects, experience acquired on medium energy range machines shows that most of the time, undulators are used with high K values and constant gap. The effective brilliance is then the average brilliance on and off axis, taking into account the even and odd harmonics. The figure of merit depends then on the beam dimensions which scale as the square root of the emittances. All these considerations and the results of a survey including all the LURE users (150 groups of scientists) led, in a first stage, to retain for the SOLEIL storage ring design the following criteria :
-Polyvalent synchrotron radiation source in the energy range of 20 eV to 20 keV photon beams.
-Excellent lifetime with the two modes of operation, 20 hours for 300 mA in the multibunch operation, 10 hours for 6 X 10 mA bunches in the temporal structure operation. -Large number of beamlines installed (> 30) to replace the potentialities of both DC1 and Super-ACO.
-Optimised cost by minimization of the machine length ( 1 200 m).
For the required critical wavelength 2.5 A (E, = 5 keV) and a 1.6 T magnetic field, the machine energy is 2.15 GeV.
A modified DBA lattice allowing the implementation of two insertion devices per period was chosen. An emittance of 37 10-9 m.rad meets the lifetime request of the temporal structure operation. This value can be reduced to 16 10-9 m.rad by ajusting the dispersion fonction in the straight sections. This optics is suitable for the high brilliance multibunch operation mode (see Fig. 1 ). Recently, there was a further request for more flexibility in order to provide two more modes of operation, high brilliance (10~8 to 1019 phs-l mrad-2 mm-210.1 % from undulator) and free electron laser.
A new storage ring configuration is currently being studied with the same DBA structure but 12 periods providing a minimum emittance of 4 10-9 m.rad tunable to 30 10-9 m.rad. The Fig. 3 presents the optical functions of one period for Ex = 3.9 10-9 m.rad. The main parameters are : v, = 15.7 ; vz = 9.7 ; a = 6.8 10-4 ; %/E = 8.6 10-4 and the beam dimensions at the source points are given in the following Table 1 .
Table 1
The whole design (Fig. 4) consists of two superperiods with two 10 m long straight sections, one of them dedicated to free electron laser [3] . The optimisation to match the optical fonctions between the long straights and the arcs for the same emittance is in progress. 
LIFETIME
For the computation of the lifetime, the pressure is assumed to be l ntorr for 300 mA and 0.3 ntorr for 80 mA, which seems to be realistic after one year of operation.
For the Touschek lifetime we assume a (conservative) value of 1.8 % energy acceptance taking into account the possible limitation due to the insertion non linear fields. The results are given also with the energy acceptance allowed by the 3 MV RF voltage limited to a maximum value of 3.5 %. For the different modes of operation they are : Table 2 * These calculations are given with KZ = 0.1 except for the case E = 1.5 GeV where = 1. Presently, ALS (Berkeley) and ELEl'TRA (Trieste), are in commissioning process and we expect results about electron beam behaviour in the above conditions, especially in single or few bunch operation mode.
Cavity option
Coherent multibunch instabilities driven by the higher order modes (HOM) of the cavities are one of the intensity limitations for the storage ring synchrotron radiation sources. The longitudinal and transverse stability for multibunch operation is especially important for SOLEIL and all the projects which have non zero dispersion in the straight sections equipped with insertion devices. With the pessimistic assumption that the parasitic frequency of the cavity is exactly on the synchrotron dipole side band, the threshold of the longitudinal oscillation is approximately given by : where E, is the particle energy, v, the synchrotron tune, a the momentum compaction factor, ZE the damping time, CO, and Rs respectively the cavity HOM frequency and its shunt impedance.
For low or medium energy range machine and rather low periodicity, the higher order modes are severe. Studies have been performed with different kinds of cavities and it turns out that a "monomode" cavity will be a worthwhile option for SOLEIL.
The solution of superconducting CORNELL cavity [5] 
Stability requirements
The user requirements for the photon beam stability are the following : -1 pm over 1 hour (instantaneous), -10 pm over 1 day (short term), -100 pm over long term (between alignments).
These constraints are converted in following civil engineering criteria : Table 3 A study has been performed by the SETEC company. The results are applicable to the reference site : "L'Orme des Merisiers" on the "Plateau de Saclay".
Criterium Static

Dynamic
With regard to the foundations, two solutions have been considered, taking into account the cultural and technical noises. One slab laying on two meter thick artificial substrat meets the previous requirements and seems better than the second solution "jacketed piles" which is too sensitive to horizontal stresses. The slab is 1 meter thick with honey comb pattern for the experimental hall and 1.20 meter thick for the machine and its shielding. The metallic structure of the hall and the two slabs are independent.
In order to meet the beam stability requirements, girders are used as quadrupole multiplets support.
Temperature control is mandatory (machine + 0.2 'C, experiments + 1 OC) and closed orbit feedback has to be implemented to combat the lattice amplification factor (A, = 60, A, = 30). It consists of a harmonic global feedback using Beam Position Monitor (BPM) of the machine and a local feedback for insertion devices based on photon detectors or BPM. HLS system as developped at ESRF has to be installed on both the storage ring and the beamlines. The study of the flexible version of SOLEIL looks very promising but is not yet completed. More optimisation is required on optics studies. An alternative solution replacing four bending magnets by superconducting dipoles is also under consideration, being more attractive than the implementation of wigglers.
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